1. Twelve bacterial isolates that grow with trimethylamine as sole source of carbon and energy were obtained in pure culture. All the isolates grow on methylamine, dimethylamine and trimethylamine. One isolate, bacterium 4B6, grows only on these methylamines whereas another isolate, bacterium C2A1, also grows on methanol but neither grows on methane; these two organisms are obligate methylotrophs. The other ten isolates grow on a variety of Cl and other organic compounds and are therefore facultative methylotrophs. 2. Washed suspensions of the obligate methylotrophs bacteria 4B6 and C2A1, and of the facultative methylotrophs bacterium 5B1 and Pseudomonas 3A2, all grown on trimethylamine, oxidize trimethylamine, dimethylamine, formaldehyde and formate; only bacterium 5B1 and Ps. 3A2 oxidize trimethylamine N-oxide; only bacterium 4B6 does not oxidize methylamine. 3. Cell-free extracts of trimethylaminegrown bacteria 4B6 and C2A1 contain a trimethylamine dehydrogenase that requires phenazine methosulphate as primary hydrogen acceptor, and evidence is presented that this enzyme is important for the growth of bacterium 4B6 on trimethylamine. 4. Cell-free extracts of eight facultative methylotrophs, including bacterium 5B1 and Ps. 3A2, do not contain trimethylamine dehydrogenase but contain instead a trimethylamine monooxygenase and trimethylamine N-oxide demethylase. It is concluded that two different pathways for the oxidation of trimethylamine occur amongst the isolates.
1. Twelve bacterial isolates that grow with trimethylamine as sole source of carbon and energy were obtained in pure culture. All the isolates grow on methylamine, dimethylamine and trimethylamine. One isolate, bacterium 4B6, grows only on these methylamines whereas another isolate, bacterium C2A1, also grows on methanol but neither grows on methane; these two organisms are obligate methylotrophs. The other ten isolates grow on a variety of Cl and other organic compounds and are therefore facultative methylotrophs. 2. Washed suspensions of the obligate methylotrophs bacteria 4B6 and C2A1, and of the facultative methylotrophs bacterium 5B1 and Pseudomonas 3A2, all grown on trimethylamine, oxidize trimethylamine, dimethylamine, formaldehyde and formate; only bacterium 5B1 and Ps. 3A2 oxidize trimethylamine N-oxide; only bacterium 4B6 does not oxidize methylamine. 3. Cell-free extracts of trimethylaminegrown bacteria 4B6 and C2A1 contain a trimethylamine dehydrogenase that requires phenazine methosulphate as primary hydrogen acceptor, and evidence is presented that this enzyme is important for the growth of bacterium 4B6 on trimethylamine. 4. Cell-free extracts of eight facultative methylotrophs, including bacterium 5B1 and Ps. 3A2, do not contain trimethylamine dehydrogenase but contain instead a trimethylamine monooxygenase and trimethylamine N-oxide demethylase. It is concluded that two different pathways for the oxidation of trimethylamine occur amongst the isolates.
Methylotrophs are micro-organisms that can grow non-autotrophically at the expense of carbon compounds containing one or more carbon atoms but containing no carbon-carbon bonds (Colby & Zatman, 1972) ; such micro-organisms must be able to synthesize all their cell material from C1 units derived from their growth substrates (for recent reviews of microbial Cl metabolism see Quayle, 1969 Quayle, , 1972 Ribbons et al., 1970) . In the present paper we describe the isolation of, and some physiological and biochemical studies with, twelve pure cultures of methylotrophic bacteria, each of which grows with trimethylamine as its sole source of carbon and energy.
Two routes are known for the non-enzymic oxidation of tertiary alkylamines; either or both of these routes might be found in biological systems. The first non-enzymic route involves an initial oxygen incorporation step with the formation of trimethylamine N-oxide (Mueller, 1958) . Evidence for the occurrence of this route in trimethylamine-grown Pseudomonas aminovorans and Hyphomicrobium vulgare NQ has been reported (Large et al., 1972) . Extracts of these organisms contain a trimethylamine mono-oxygenase that catalyses reaction (1):
(CH3)3N + 02 + NAD(P)H + H+ --(CH3)3NO + NAD(P)+ + H20 (1) a similar enzyme is found in pig liver microsomal material (Baker & Chaykin, 1962; Baker et al., 1963;  Vol. 132 Ziegler et al., 1969) . Microbial enzymes catalysing the demethylation of trimethylamine N-oxide yielding dimethylamine and formaldehyde have been observed in Bacillus PM6 (Myers & Zatman, 1971 ) and in Ps. aminovorans (Large, 1971) . These two enzymes, trimethylamine mono-oxygenase and trimethylamine N-oxide demethylase, therefore constitute one possible route for the initial stages in the microbial oxidation of trimethylamine. The second nonenzymic route involves an oxidative N-demethylation yielding dimethylamine and formaldehyde directly (Homer & Kirmse, 1955; Cullis & Waddington, 1958; De La Mare, 1960; Smith & Loeppky, 1967; Hull et al., 1969) ; the occurrence of this route in one of the present isolates, bacterium 4B6, was reported briefly by Colby & Zatman (1971) . Evidence for the occurrence of both of these routes amongst our trimethylamine-utilizing isolates is given in the present paper.
Materials and Methods Materials
Trimethylamine hydrochloride was obtained from Hopkin and Williams, Chadwell Heath, Essex, U.K. or from Fluka A.G., Buchs, Switzerland. Trimethylamine N-oxide hydrochloride, dimethylamine hydrochloride and methylamine hydrochloride were supplied by British Drug Houses Ltd., Poole, Dorset, U.K. Phenazine methosulphate was obtained from the Sigma (London) Chemical Co. Ltd., London S.W.6, U.K.; solutions were kept in the dark at all times and stored at -20°C. 2,6-Dichlorophenolindophenol was obtained from British Drug Houses Ltd.; solutions were standardized spectrophotometrically at 600nm in 0.1 M-sodium phosphate buffer, pH7.0, and the molar extinction coefficient was taken to be 20.6 x 103M-cm-l (Armstrong, 1964) . Nicotinamide nucleotides, both reduced and oxidized, were obtained from the Boehringer Corporation (London) Ltd., London W.5, U.K.
Methods
Growth medium and isolation methods. For most of this work the mineral medium contained the following in 1 litre of solution made up with glass-distilled water: K2HPO4, 1.20g; KH2PO4, 0.62g; CaCl2,6H20, 0.05g; MgSO4,7H20, 0.20g; NaCl, 0.lOg; FeCl3,6H20, 1.0mg; (NH4)2SO4, 0.50g; CuSO4,5H20, 5.0,g; MnSO4,5H20, lO.O, ug; Na2MoO4, 2H20, lO.O, ug; H3BO3, 10.0, ug; ZnSO4, 7H20, 70.0, ug; CoCl2, 6H20, 5.0, ug. For some experiments in the later stages of the work the chelated medium (mineral base E) of Owens & Keddie (1969) was used. The mineral media were sterilized by autoclaving at 121°C for 20min, cooled, then filtersterilized aqueous solutions ofvitamins were added to give a basal medium containing in 1 litre: thiamin hydrochloride, 0.5mg; calcium pantothenate, 0.5mg; nicotinic acid, 0.5mg; biotin, 1 ,ug; riboflavin, 0.5mg; vitamin B12, 2.5,ug; p-aminobenzoic acid, 10.0,g; folic acid, 10.0,ug; pyridoxal hydrochloride, 2.0mg.
Filter-sterilized solutions of trimethylamine hydrochloride were added to the cool basal medium to a final concentration of 0.1 %. The final pH of the medium was 7.0. Solidified media were prepared by the addition of 1 % Oxoid Ionagar no. 2 before autoclaving.
Potential sources of bacteria were screened for trimethylamine utilizers by direct streaking on trimethylamine basal agar plates and also by liquid enrichment in shaken trimethylamine basal medium cultures. When visible growth occurred in the liquid enrichments, subcultures were made into fresh medium and incubated under the same conditions.
After two subcultures in liquid medium the isolates were streaked on to trimethylamine basal agar plates. The isolates were purified by streaking isolated colonies on trimethylamine basal agar plates. The temperature for all incubations was 30°C. Bacterial characterization methods. Bacteria 4B6 and C2A1 grew only on 'one-carbon' substrates and all characterization tests were done on organisms grown on trimethylamine basal medium; the other ten isolates grew well on complex media such as nutrient broth (0.5% Evans peptone, 0.5% LabLemco, 0.5 % NaCI). The morphology of organisms taken from young and old trimethylamine basal medium or nutrient broth cultures was determined from wet mounts by phase-contrast microscopy; hanging-drop preparations from the same cultures were examined for motility. Organisms taken from moist trimethylamine basal agar or nutrient agar slopes were stained for flagella by using the methods of Rhodes (1958) and Leifson (1951) . The Gram, oxidase and catalase reactions of the isolates were tested on material taken from trimethylamine basal agar or nutrient agar slope-cultures. Pigmentation was determined on trimethylamine basal agar and, where growth occurred, on King's agar A and King's agar B (King et al., 1954) . All cultures were incubated at 300C.
The results of physiological tests were recorded after 2, 4 and 7 days. The oxygen requirements of the isolates were determined in shake cultures by using trimethylamine basal agar, nutrient agar, nutrient agar containing 1 % (w/v) glucose+Bromocresol Purple indicator, and Hugh & Leifson's (1953) medium containing 1 % (w/v) glucose. The glucose nutrient agar and Hugh & Leifson's (1953) Table 4 .
Preparation of cell-free extracts. Cell-free extracts of the isolates were prepared by sonication. Washed suspensions (100-200mg wet wt./ml) of bacterium 4B6 in 0.1 M-sodium phosphate buffer, pH7, were sonicated in 12ml portions at 20kHz by using an MSE 100 W ultrasonic disintegrator (Measuring & Scientific Equipment Ltd., London S.W.1, U.K.).
The suspension was contained in a 25ml Rosett cooling-cell (Rosett, 1965) surrounded by an icewater mixture and sonication was interrupted for 1 min in every 2min to prevent local warming of the suspension; the total time of exposure of the suspension to ultrasonic radiation was 4min. These conditions resulted in about 85 % cell breakage as judged by total cell counts before and after sonication: The product, crude sonicate, was centrifuged at 35000g for 30min and the supernatant, crude Vol. 132 sonic extract, was retained. Similar conditions were used to prepare crude sonic extracts of the other isolates.
Heat-treatment ofcrude sonic extracts ofbacterium 4B6. Test tubes containing 3ml of crude sonic extract were heated to 50°C in a water bath and maintained at that temperature for 15min. The tubes were then rapidly cooled in ice-water mixture and the heavy precipitate was centrifuged down, leaving a clear yellow liquid, the heat-treated extract.
Protein determinations. The concentration of protein in cell-free extracts was determined with the Folin-phenol reagent (Kennedy & Fewson, 1968) . Standard curves were prepared by using crystalline bovine plasma albumin (Armour Pharmaceutical Co. Ltd., Eastbourne, Sussex, U.K.).
Buffer solutions. Sodium pyrophosphate buffer was prepared by dissolving the solid in water, adjusting the pH with HCI and making up to the required volume. Other buffers were prepared as described by Dawson et al. (1969) or by Good et al. (1966) .
Spectrophotometry. All spectrophotometric enzyme assays were done in a Hitachi Perkin-Elmer 124 double-beam grating spectrophotometer (PerkinElmer Ltd., Beaconsfield, Bucks., U.K.) or a Unicam SP. 800 spectrophotometer (Pye-Unicam Ltd., Cambridge, U.K.). Both instruments were fitted with constant-temperature cuvette housings and were coupled to Servoscribe chart recorders.
Assay of methylamines by g.l.c. G.l.c. was done by using a Perkin-Elmer Fl 1 gas chromatograph fitted with a flame-ionization detector and coupled to a Vitatron type UR 402 chart recorder (Fisons Scientific Apparatus Ltd., Loughborough, Leics., U.K.). The concentration of methylamines in culture filtrates and in assay mixtures for trimethylamine mono-oxygenase was determined on a 3.66m glass column (internal diameter 3 mm) packed with Chromosorb W (60-80 mesh) coated with 15 % (w/v) tetrahydroxyethylenediamine and 5% (w/v) tetraethylenepentamine (Sze et al., 1963) . A pre-column of soda lime, housed in the injection heating block at 180°C, released the free amines from their salts. The oven temperature was 65°C and the carrier gas was nitrogen at a flow rate of JOcm3/min. Standard solutions of amine hydrochlorides for calibration purposes were prepared from material that had been dried over phosphorus pentoxide for at least 7 days.
Enzyme assays. Trimethylamine mono-oxygenase. (i) Spectrophotometric method. Reaction mixtures contained in 3 ml: 0.3mmol of sodium phosphate buffer, pH7.0; 0.6,umol of NADPH; crude sonic extract; 10,umol of trimethylamine hydrochloride. The reaction was started by the addition of substrate and the initial rate of decrease in E340 was measured.
(ii) G.l.c. method. Extracts of the facultative methylotrophs bacterium 5B1 and Pseudomonas 3A2, when grown on trimethylamine, contain high trimethylamine N-oxide demethylase and dimethylamine mono-oxygenase activities (see Table 6 ). It might be expected therefore that dimethylamine, arising from the oxidation of trimethylamine by trimethylamine mono-oxygenase and trimethylamine N-oxide demethylase, might itself undergo an NADPH-dependent reaction, thus contributing to the trimethylamine mono-oxygenase activity as measured by the spectrophotometric method. All quantitative determinations of trimethylamine monooxygenase activities in extracts of these facultative methylotrophs were therefore done by the following method, in which trimethylamine disappearance is measured directly by g.l.c. Nash (1953) . Calibration curves were prepared with A.R. formaldehyde which had been standardized by oxidation to formic acid with iodine in alkaline solution, the unchanged iodine being titrated against standard thiosulphate (Treadwell & Hall, 1935) .
Dimethylamine mono-oxygenase (cf. . Reaction mixtures contained in 3ml: 0.3mmol of sodium phosphate buffer, pH7.0; 0.6,umol of NADPH; crude sonic extract; 10,tmol of dimethylamine hydrochloride. The reaction was started by the addition of substrate and the rate of decrease in E340 measured.
Enzyme units. One munit of trimethylamine dehydrogenase, primary amine dehydrogenase, formaldehyde dehydrogenase, methanol dehydrogenase or formate dehydrogenase is defined as that quantity of enzyme which catalyses the reduction of lnmol of the hydrogen acceptor per min at 30°C in the assays described above. The molar extinction coefficient of 2,6-dichlorophenol-indophenol at 600nm was taken to be 20.6x103wm-'cm-l at pH7.0, 21.69x 103M-1 cm-' at pH7.5-7.7 and 22.Ox 103M-1 -cm-l at pH9 (Armstrong, 1964) . The molar extinction coefficient of NADH at 340ntm was taken to be 6.22x 103M-1 cm-1 (Dawson et al., 1969) . One munit of dimethylamine mono-oxygenase is the quantity of enzyme that catalyses the oxidation of lnmol of NADPH per min at 30°C. One munit of trimethylamine mono-oxygenase activity is that quantity of enzyme which catalyses the NADPand oxygen-dependent disappearance of 1 nmol of trimethylamine per min at 30°C. One munit of trimethylamine N-oxide demethylase is the quantity of enzyme that catalyses the formation of 1 nmol of formaldehyde per min at 30°C.
Results and Discussion Organisms isolated
Twelve isolates were obtained in pure culture by direct streaking or liquid enrichment by using trimethylamine basal media. Some properties of the isolates are recorded in Table 1 together with the source from which each was obtained and, where possible from the data, the genus to which each isolate has been tentatively assigned. Six isolates are strictly aerobic, Gram-negative, oxidase-positive, regular rods which are motile by polar flagella, properties which suggest that they should be assigned to the 1973 allotted to the Achromobacter-Alcaligenes group (see Thornley, 1967 Bacterium 4B6 grows only on trimethylamine, dimethylamine and methylamine whereas bacterium C2A1 grows only on these compounds and on methanol; these two organisms are therefore considered to be obligate methylotrophs (Colby & z Zatman, 1972 (Table 3) , it would be expected to arise as a product of dimethylamine oxidation . The results of experiments in which these five compounds were tested manometrically with washed suspensions of bacterium 4B6 grown on trimethylamine, dimethylamine or methylamine are presented in (Hersh et al., 1971) . The failure of trimethylamine-grown cells to oxidize exogenous methylamine or N-methylglutamate might be caused by the inability of these compounds to enter trimethylamine-grown cells. If, however, organisms grown on trimethylamine lack a methylamine-oxidizing system this would suggest that the methylamine, which is presumably formed inside the cell during growth on trimethylamine, is either assimilated by some unknown pathway or excreted into the medium. G.l.c. analysis of culture filtrates did not detect an accumulation of methylamine in the medium during growth on trimethylamine.
Enzyme activities present in extracts ofbacterium 4B6
Oxidation oftrimethylamine by crude sonic extracts. The addition of trimethylamine to extracts of trimethylamine-grown cells did not result in the reduction of added NAD+ or NADP+. No trimethylamine-dependent oxidation of NADH or NADPH occurred as would be expected with a mono-oxygenase-catalysed reaction and the addition of trimethylamine to extracts failed to stimulate an uptake of oxygen in the oxygen electrode as would be expected if an amine oxidase were involved.
A trimethylamine-dependent and phenazine methosulphate-dependent decolorization of 2,6-dichlorophenol-indophenol was observed when crude sonic extracts were incubated with these components anaerobically or aerobically in Thunberg tubes. Only insignificant rates of decolorization of the dye were observed in the absence of substrate, phenazine methosulphate or extract, and boiling the extract destroyed its activity. The decolorization time was inversely proportional to the amount of extract added and dialysis of the extract against 1000vol. of 50mM-sodium phosphate buffer, pH7, for up to 12h did not significantly decrease its activity.
It was concluded that crude sonic extracts of trimethylamine-grown bacterium 4B6 contain a trimethylamine dehydrogenase that requires phenazine methosulphate as primary hydrogen acceptor. The Thunberg tube assay provided the basis for a con-' genase activity in heat-treated extracts of trimethylamine-grown bacterium 4B6 Trimethylamine dehydrogenase activity was assayed by the spectrophotometric method described in the Materials and Methods section, except that a variety of buffers of different pH values was used. Heattreated extract (0.2mg of protein) of trimethylaminegrown bacterium 4B6 (see the Materials and Methods section) was used for each assay. After the initial rate had been recorded, the pH value of the reaction mixture was measured by using a glass electrode. The buffers used were: *, sodium pyrophosphate; o, triethanolamine; OI, diethanolamine; *, sodium phosphate; A, tricene; *, carbonate-bicarbonate. venient and rapid assay method in which the rate of decolorization of 2,6-dichlorophenol-indophenol is measured spectrophotometrically at 600nm.
Variables in the spectrophotometric assay for trimethylamine dehydrogenase. In exploratory experiments the stability of trimethylamine dehydrogenase in crude sonic extracts towards heating was noted; a threefold purification could be readily achieved by heating extracts at 50°C for 15 min, cooling them, and removing the denatured protein by centrifugation.
The experiments described below were done with such a heat-treated extract of trimethylamine-grown bacterium 4B6 prepared as described in the Materials and Methods section.
(i) pH value and the nature of the buffer. The variation of the initial velocity with pH value was determined by using six buffers covering the pH range 6.0-10.5 (Fig. 1) (Armstrong, 1964) . At pH 8 and above the E600 versus time plot for a given assay rapidly became non-linear, the reaction velocity apparently decreasing with time. This phenomenon is due to two factors: (i) reoxidation of the dyes by molecular oxygen, and (ii) dependence of the reaction velocity on the concentration of the terminal hydrogen acceptor, 2,6-dichlorophenolindophenol. Neither of these factors operates significantly below pH 8. In routine assays these problems were avoided by performing the assays at pH 7.7 in 0.1 M-sodium pyrophosphate buffer.
(ii) Phenazine methosulphate concentration. The Km for phenazine methosulphate was calculated from double-reciprocal plots (Lineweaver & Burk, 1934) and a value of 0.4mM obtained.
(iii) 2,6-Dichlorophenol-indophenol concentration. At pH7.7 the reaction velocity is independent of the concentration of the terminal hydrogen acceptor between 4 and 801tM.
(iv) Substrate concentration. The initial velocity was independent of trimethylamine concentration between 16,UM and 3.3mM. Higher concentrations were inhibitory.
(v) Concentration of heat-treated extract. Initial velocities measured in the spectrophotometric assay increased linearly with increasing concentration of heat-treated extract between 0 and 0.14mg of protein/ml of reaction mixture. The specific activity of a typical heat-treated extract of trimethylamine-grown organisms was 150munits/mg of protein.
Other enzyme activities present in extracts of bacterium 4B6. Crude sonic extracts of cells grown on trimethylamine, dimethylamine or methylamine were examined for the presence of a number of enzymes; the specific activities of trimethylamine dehydrogenase, dimethylamine mono-oxygenase, NAD-dependent formaldehyde dehydrogenase and NAD-dependent formate dehydrogenase are given in Table 5 . The NAD-dependent formaldehyde dehydrogenase did not require glutathione for its activity even after dialysis and neither was it specific for formaldehyde; acetaldehyde was an alternative equally good substrate. Trimethylamine monooxygenase, trimethylamine N-oxide demethylase, primary amine dehydrogenase, methanol dehydrogenase and 2,6-dichlorophenol-indophenol-dependent formaldehyde dehydrogenase were not detected in extracts of cells grown on any of the three substrates.
Induction of trimethylamine dehydrogenase by trimethylamine in methylamine-grown bacterium 4B6. The details and the results of this experiment are given in Fig. 2 . Extracts of cells harvested from the trimethylamine-containing medium during the first 2 h showed no trimethylamine dehydrogenase activity; thereafter the specific activity of trimethylamine dehydrogenase increased rapidly but no significant growth was observed until the specific activity had reached about 50% of its maximum value. Growth after the first doubling was not associated with any further increase in the specific activity of trimethylamine dehydrogenase. In the parallel experiment growth in the methylamine-containing medium occurred without a lag and no trimethylamine dehydrogenase was detected at any time. The results of this experiment support the conclusion that trimethylamine dehydrogenase is important for the growth of bacterium 4B6 on trimethylamine.
Enzymes present in crude sonic extracts of other isolates Extracts ofthe facultative methylotrophs bacterium 5B1 and Pseudomonas 3A2 grown on trimethylamine and on acetate were examined for a number of enzymes; the results are shown in Table 6 . It is clear from these results that the oxidation of trimethylamine by these facultative methylotrophs is mediated by trimethylamine mono-oxygenase (yielding trimethylamine N-oxide; Large et al., 1972) and by trimethylamine N-oxide demethylase. These results are consistent with the ability of these organisms to grow on trimethylamine N-oxide (Table 2) and with the ability of trimethylamine-grown organ- The enzymes of the pathways are: (1), trimethylamine mono-oxygenase; (2), trimethylamine N-oxide demethylase; (3), trimethylamine dehydrogenase; (4), dimethylamine mono-oxygenase; (5), primary amine dehydrogenase; (6), formaldehyde dehydrogenase; (7), formate dehydrogenase.
trimethylamine. Trimethylamine mono-oxygenase (assayed by the spectrophotometric method) and trimethylamine N-oxide demethylase activities were also found to be present in crude sonic extracts of five other trimethylamine-grown facultative methylotrophs, isolates lAI, 1A2, 1A3, IBI and 2B2; no trimethylamine dehydrogenase activity was detected in these extracts.
The results of enzyme assays with extracts of the obligate methylotrophs C2A1 (Table 6 ) and 4B6 (Table 5) suggest that trimethylamine N-oxide is not an intermediate during trimethylamine oxidation by these organisms; these results are consistent with the inability of these organisms to grow on (Table 2) or to oxidize (Table 3) trimethylamine N-oxide. The oxidation of trimethylamine by these obligate methylotrophs is mediated by trimethylamine dehydrogenase, which catalyses the oxidation of trimethylamine to dimethylamine and formaldehyde (Colby & Zatman, 1971) .
The present results show that two routes of triVol. 132 methylamine oxidation to dimethylamine and formaldehyde occur amongst our isolates (see Scheme 1); the obligate methylotrophs use a trimethylamine dehydrogenase-dependent route whereas the facultative methylotrophs use a trimethylamine monooxygenase-dependent route. Large et al. (1972) have reported the presence of trimethylamine monooxygenase and the absence of trimethylamine dehydrogenase in two other facultative methylotrophs, Ps. aminovorans and Hyphomicrobium vulgare NQ. It will be of interest to determine by examination of further trimethylamine-utilizing isolates whether the apparent correlation between trimethylamine dehydrogenase and obligate methylotrophy on the one hand, and trimethylamine mono-oxygenase and facultative methylotrophy on the other, can be confirmed.
An obvious difference between the two pathways in Scheme 1 is that whereas the oxidation of one molecule of trimethylamine to dimethylamine and formaldehyde by the obligate methylotrophs yields one molecule of reduced cofactor, the corresponding oxidation by the facultative methylotrophs requires one molecule of reduced cofactor. This implies that the obligate methylotrophs use a more efficient pathway with regard to the genesis of reducing power and the harnessing of metabolic energy.
